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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a field-effect 

semiconductor device which can increase the capacity of a gate W 1 

insulation film and suppress the leakage current. 



SOLUTION: The field-effect semiconductor device comprises a 
silicon substrate 1, the gate insulation film formed on the silicon 
substrate, and a gate electrode 8 formed on the gate insulation film. 
The gate insulation film comprises a glass-like buffer layer 5, a rare 
earth oxide layer 6, and a dielectric layer 7 having a higher relative 
permittivity than the rare earth oxide, all formed in this order from 
the silicon substrate 1 side. 




*»-:*-->>:tf«*f« G-#*:&miz\k>m 



LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner's decision of rejection] 

[Kind of final disposal of application other than the 
examiner's decision of rejection or application converted 
registration] 

[Date of final disposal for application] 
[Patent number] 
[Date of registration] 

[Number of appeal against examiner's decision of 
rejection] 

[Date of requesting appeal against examiner's decision of 
rejection] 

[Date of extinction of right] 

Copyright (C); 1998,2003 Japan Patent Office 



http://www1 9.ipdljpo.go jp/PA1 /result/detail/main/wAAA9 JaaCUDA41 4324901 P... 2004/03/1 0 



H0298 



<19)0*Bfcf*/f (JP) (12) & ^ f^: ^ $g (A) (lDWtlFmS^MS^ 

#^2002-324901 
(P2002- 324901A) 

(43)&gg H V&umin 8 B (2002. 11. 8) 

(51)IntCl.' fflSUmn FI f-«H>*(##) 

H0 1L 29/78 H0 1L 29/78 301G 5F140 



«»3R *Sf3R m*m<D&8 OL (4 8 1) 



(2i)ms## 


ttB&OOl - 129093( P2001 - 129093) 


(71)ffllPA 


000005108 










(22)fflSB 


3F/£13*P4 326B (2001. 4. 26) 




«S3K=F«BBK#HKM-&iaTe 6 Sift 






(72)56M# 


r» m 






















(72)5fi9!# 
























(74)«3A 


100068504 








#®± /Mn mm W2«) 











(54) amo***] mft&smmmftmm&xttomi 



(57) [KM] 



7^65 




1— >ya>«B fr-STOWHM 3---V-X1H* 
4-KU-f>«* 5-**9^««BJB 6-*±JHMfcttJB 
7-BMWK 



(2) 



002-324901 



i02*5^tt*bH:Ln (LnliSc, Y, LaioJ: 

iM8t±«5g*) ©d^ft< tt> i««t*trtfc»"C«*4ix 

[»*S3] fltrlER«frB^T i 0 2> SrTiOa, 
(Ba, Sr)Ti0 3 , TazOs, W0 3> Zr02, H 

f 02*5<tt/L a A 1 Os0>4>tt< t fc 
« 1 2 ^|2«fecom#a*®*«^Bo 

[8**35 4 ] meft±«!Mkfejia* Lmosanii 

Sc, Y3o£t)<L a fe«tf*±SI5E*)©*ft< t t 1 
«a>fcfc*fll#*l, 2*fctt3fcE*o«#»J|i3!¥ 

[»*JS5] 8tE^f^^«tW»»©||t**so . 2-2 . 
0 n m-e*>*HI*B 1-4 (D^-f ixa»lcE*0>«JM»* 

6 ] mm%t±mmikMm<Dmm& 0.5-4. 
0 n mx-tbzm&m 1 - 5 <ov^-rn*M-E«©«#ab* 

[»*«7] *>y ME^y = ^£«_l<e> 

^hiii^, mEy-Mfti»R±oy-h««sr* 

«««Jit, *±«IMb4Mii:, l»E*±«IM:*J: 5 

WE«±«»{b4fc»*5J:t/«rEBI«#Jir4, #»fiR5c* 
S:*tf#«AiUK»*rffli\ fb¥«ttrt«»ic J: 

[0 0 0 1] 
[0002] 

Mc'hmi:^m<Dffi/btitmitot>tix\i*z>o fi^-m, mo 

S F E T (Metal — Oxide — S emiconductor F ield — 
Effect- Transistor) <£>»jHMbti\ 0 . 1 /x m X 9 'h 



fc, m.mh^^mmizmm^xy-fnm&mx-tz 
[ooo3] *^x\ hmmm*fe&tfs i o 

[0004] KRtfl*»i:Lt, ^*&&mm<Dk 

#^8O0itM$^tri<bf^> (t i 

10 oz) , * h&M>mmxm2 oo (Ditmrnm 

^Tt^^foyf^ (SrTiOs) , £b 

^W^y^A^FDyf^A [(Ba, Sr) 
T i o 3 ] m*ft&1rz 0 

[0005] ztib<D&n&m^z>t, mmmm* 20 

», 5 0{g, 7 5f&a£J¥< S i O2 1 RJ— 

>^flUJ-aor*^*»jWfbufc»**cfc, y-Mft* 

[0006] ^ >i£fb4£jte. Jfcftftjetta* s i 
O2 t«tfW«-Cfc6fc«), K»fiS*5j:t/3|g*{b«Po» 
*>y =yl«i©Pfl-efttt4M*#5r 

t*«-C#r. »llWl.5nmHl©BI(t*ftS i 
^fclCfc^J&vblbT, S i OzjftWRffSrl . 5 nmJ»T 

iz-r&z.t&mmtttvx^z. 

[0 0 0 7] tLtc, $0 2 SCDttmmm&^-fZT azOs 

^300 oit^«*^w-r 5WO3 * tr (ommmittt 

30 3N-c«. s i 02 £Qmfih&&mz£&itib\z, tsbic 

[0 0 0 8] rtLlC^tT, ftm 2000-28149 

4»<rx?w\ (001) ffi*fi©vy3yiSJii:*± 

*<D±Kimm# Pb(Zr s Ti) 

O3) f«M«^xt7^r^t/«I^t5* 

[0 0 0 9] Mfl 1 -4 0 6 8 3^«T* 

tt* M&fHR£ LTBMb-fe y C^ORJCWitBltSS 
40 ^m^^Qai-^^^^^^HTVN^o SC2O3, Y 
2O3, L a2 03^tf*±WSft{b*tt, SiOzJ:"9^ 

[0010] ^fc, *±3SK<b*tti o~2 omm<Dkt 
[0011] 

50 4 9 4#«UcM^£*ba«fc d^^e^^rv^r/^gbfc 



(3) 



&m2 002-324901 



3 

[0 0 12] £fc, ftffi2 000-28149 4^*5 

xxfftM^i 1-4068 3^m^^ti^>^]) =^>m 
&t$i±mmkm<DWi^x^ «<z)s io 2 icj*-<T 
t^e^^y Tiis£#<fi;i^c*!>, y-^m^*:# 

[0013] *s59i<7)@«m Ti^v-y = ^m&Lt<D# 
*7£&^mBm&M<Dmz£zm^tzte&m<D&&& 10 

[0014] ^w<Dmm\-$, ^v^>mm^ 

[0015] 

[0016] iwi^gii^^t, 20 
mmm t % mm^±mmmx v ^mmm<D^^mm 

[0017] Z<Djf?*tf:Mmmi*., tf=7*Vt®x^ ^ 

x$z> 0 ^cDife^ ^±Mm4mmftte£Tfmm,fcmft 
[0018] zr^xVtMffim&s i 3N 4 ioj:r;s 30 

^^^^<. ^thbcDwnxm&'tz^ tx\ v-?m 

^W:Ln (LnfiSc, Y, L a £TJMfr±2l5u 

[0 0 19] £fc, ^m#/i^/8^<5^{C£ it, T i 
O2, SrTiOa, (Ba, Sr) T i O3, Ta 40 

20 5> wo 3 , z r o 2 (ttmmm2 5) % HfOz (Jt 

15 — 4 0) :£J;tfL a A 1 Oz<D'pt*< t t 1 

[0 0 2 0] t±SKttl^Ln 2 03 (Lnli 

M<D^JCTit/£-f 5r <ttc£>5 0 ^fhtS i02i^ 



[0021] &tz. #7x&mmm<Dm»i:o .2^2. 

Onm, *5j:t/, »±Jitt{b46S^BIJ¥«:0 . 5-4 .0 
nm HI6»«*»fiM- 

<omm&\*, *n«x*3j:-t6--i omm. 10-20 

i 0 2 &»Jg£JP 1 . 5 n m^TC0#tt^T#, ^o, »«J| 

0 . 2 - 2 . 0 n m, ft±mmikmm<Dyommm* 0 . 5 

— 4.0 nm^t5„ 

[0022] iktz, m±mmktom&£T*±.tatsn»m 

[0 0 2 3] ±E#tt&HRft&#«R«jK 
[0 0 2 4] 

[0025] tnmm 1) Bin *«hiu5mo 

SFET©«S»rffi@tfe5o **Jfi0tJ-C«, Sf^K 
fc. 

[0 0 2 6] ^©y-hftlg^Ltlj:, #^*#t 
ttff S 5 > y 3 ^MfbB*; #r±^^{b^^ 6 \c =7 
>*>-mikV0*, SSM7HSrTi03^l^o 

[0 0 2 7] eJLT^*0»ril*ttS:«-*-. «*P^*r«« 

m. at. t/i»* vigmmcxzmftxfe&m^^xi'}) ^ 

[0 0 2 8] ^9^tt«««W«*Srtfofe 0 
^SS^ffl^ 1 ^, 8 0 0tWRTA (Rapid The 
nnal Annealing) t&W^X «9 0 . 5 n m<D?&mikti£%: 

[0 0 2 9] #±a»fk»i t 1 1 L a 2 Os iR 

*ib^*tifiR*jfe-e?gfi8;Lfco IEI2tc^^Bco«EBisigi 



HO 298 



(4) 



20T-10 0-2 5 O'CKJOiKlLfco 
[0 0 3 0] LazOailK* La(dpm) 3 (D 
ipivaloylmethanato Lanthanum) ^T^^M^ C4 Hs O 
iff h7k Vv7 7^) S5gS?M(C 0.0 5-0 . 2 5 m 

7?rfflV^0 . 1 — 3 s c cmCDMST^SLfCo 
[0 0 3 1] ftfbSl 100-25 otKR 

^ 1 9 8- 500scc mtlii Lfc 0 10 
[0 0 3 2] iWc, JEM^^/A r 1 
8^bWii^ 2-8 0 0 s c cra^U:t, > 

^c^<^EE^ ^EE^IH^/i-:/ 2 U:J:D0.0 1-50 
To r r <bU SfiMfflt-^l 3lwJ:^>ynyS 
ftl 2<DiaffiS:3 0 0-4 5 0 < C^ftU»UfctttB-C2» 
B««S*, 4^1§ti¥3 nm£#fc 0 £fc, La 2 0 3 I 

^60 0t:o«f&*&S«r?Tort: 0 

[0 0 3 3] SfcKl, UTS r T i 03*JR 20 

*r{fc**ffi««ife-C*riJ Ufc 0 S r mw®& I5rti:s 
r(dpm)2 (D ipivaloylmethanato Strontium) 
&JR«rC4H8O^T«gaiJfJ:0 .05 — 0.25mo 1 /L 

i (i — OC3H7)4 (Tetraisopropoxy Titanium) 
^JR«rC4H8OW*Sa9{-0 .05 — 0.25mol /L 

^-7^7n-ny hn-y^ffl^T 0 . 1 — 3 s c c 

[0 0 3 4] *Mfc»©i&ft* 1 0 0-2 5 CC^tS^L 30 
T«ffJHt»*:— mz#Xlk\*it&* Ar^l98-5 
0 0 s c cmtfMiSUfc. 

[0 0 3 5] fcfc, JR»#;*/A r fc»*RjES;ff* 
2-8 00 sccm^Lf:t, »i«^i^AL 
fc. »mm&'£<DEE£i% 0 .01— 50Torr£U 
7FM;?U^£3 00 — 4 5 0^^:1X10- 4 O^ML 
T N 8 - 3 3 n m(^*aiK*«:3»fe 0 

[0 0 3 6] S r T i OzWBL<OM^\^\L 3g*^*3 
J:tf*5W»fill»Ol»*«rB»i:LT, ffiltXffBX'f' 8 
0 Ot©«fc*L««rfTofc. r£>^§£\ al7t;#B^<£> 40 

[0 0 3 7] C 9 LtMU/cy- h^tH^-h^, £ 

tbicm&mmmcx^x&nm* i oonmg«i 

MOSFET^rMlfcc 

[0 0 3 8] 3>S4E*«*u, &±nm,Miz-2 

~~2vmktsttm&<Dc-vftvk£ *) s i oz&mm 
mttn&^tzo -tons*, sioz*»i»iii.4- 

2 . 0 nmtfcof:, so 



4$Bfl 2002-324901 

6 

[0 0 3 9] r<DMOSFETt£*fL-S\ v^yaySS 
SrftttU 1 V^mm^rTOPLfc^coy-^ 

m^ffi^rll 3 Ufc 0 1 0 - 3 A/ c m 2 — 1 0 ~ 6 A/ 

[o o 4 o] Jtttffiii: Lt, ^y^ySfii^y^y 

mmm*]&f$.it-r\^ La203»SrTi0 3 S 
Bt«:RI«fc»rtLr, Si02ftISfl.3-l.9n 

[0041] :>y a^XftSrSMt&u &m®t- + i 
[0 0 4 2] *jHfi«©»1B^j:ixtf, ^>y^>-S«^ 

*ttJ«*8fc«rfflV>T, S i 02«IWW51 . 5 nmJ^T 

[oo43] cxisM 2] ^mmw—hmtm** 

*±*K<k»(-Y2 03, R«fr«^T i 0 2 £ L^y- 

[0 044] ^f, Si(o.8)Y ( o.2)0«f*:^ 
y HSrffl^t, S i Y0^7^a«i*RF-7^ h 

0.1 — 1 0P a, S«fi3 0 0t, RF/^7^-8 0 
0W^t3 0MMtt«lIif 0 . 4 nmr#t„ 
[0 0 4 5] SciC, Y 2 03*j^$rR F^^> h u V^^n 

OP a. S«i&S3 0 0t, RF^y — 8 0 0W t LT 

*URS2.5nmSr#fe 0 
[0 0 4 6] S&fc, TiOzfltRFv^bpy 

HcfST i 0 2 ^f*:&JBl/\ 7/M>^#ili0 . 1 
— 1 0 P a , S^MS3 0 0t, R F'*!7— 8 0 0W<D 
*#-Cl-5»WMLT, «SRJ*6^1 9nm«r» 

m%<px*7 o otojRyaasrfTofc. 

[0 0 4 7] r5Lt»*Lfc^b«WO±^ S 
^Cl^iaiaotMK 1 0 OnmlltML 
T\ MOSFET^Mtfc 0 

[0 0 4 8] ->y =i>-£«S:g&iftU ^±^mffi{C-2 
-2 ■V£ffc3*fc»-fr*>C-VW4J: D S i Oaifi 
i?^r^m Lfc 0 S i 02«HCRJ¥l .4-2. 

1 n m£rf#/c 0 

[0 0 4 9] ^(DMOSFETCMLT, v^y^vSS 



(5) 



ftm 2002-324901 



l«I«:0 3^lfc a 1 0" 4 A/ c m 2 ~ 1 0~ 7 A/ 

[0 0 5 0] it^l^LT, v^y =>fi«_h^^f7^tt 
Y203»IR^T i o 2 »Ko^Sr 

lt s i oz&nmm 1.3-2.0 n m*m 

fee *H««©l*»fc©lt«ElcJ:5, 

[0 0 5 1 ] [HiS^J 3] M6tMRSri£ 10 

ni(DMO S FETHRSJtS. 
[0 0 5 2] fi«ifc-C#flJjfcCMO S «r*fifci-SK»C 

WT»3gi"tttf«tV\ got, *«R(JnI(DMOSF 

[0053] *i\ m5^-rj;5^ m^mmmm 

10 2I1 v-y nygfi 1 0 1 ^SISlKjO . 4 ju mCOit 20 

^CCMP (Chemical Mechanical 
Polishing) &T~¥-mk$ J ttXftmisti 0 

[0 0 5 4] ?kK, f» 3^*«*ffi^«WMb8fe»lcj: 

oT^y ^Stt§^^;7 7i 10 3 SrjRll 0 nm 

[0055] — h£-rs#y ->y =1 yi 0 4*3 
J: u*-> y = y«fl« 1 0 5 fcfc^jMBjfcftSs^ «t 19 , * 30 
Mixl^i 5 0^J:TO5 0nmMLfc e #c^t?, y 

[0 0 5 6] IH6^-rj:5^, ML/c^^^- h 

^^^LT, AsWt^AU n(-)tfc1ft 

lOOnmgSMU ^hKm^^y^^^n 
l\ H 7 ^^■rfllffitt»IR 1 0 7 Sr^fiR Lfc. 40 
[0 0 5 7] y^-y- h*3j:UffliJfi|fiSBI4:^^^ t 
It, ?f*A s«E<0-Y^-vS£A*:m\ n(-)»lJ: 
^M«S^d^n 1 0 8 ^Ml/: 0 r. 

[0 0 5 8] ^C0J:5«c:Lr^fiKL^:n(-)l£*JB^n 
(+)»I^b«i«^nlMO S F ETOV^ 

[0 0 5 9] TEOS (Tetra Ethoxy Sila 

ne) Um&m^lf?? X^^+@^Sfe^(Cj:oT, so 



8 

yayft SIl:BHit5StCMP9ofaiaot 

[0060] m 9 i-^i-ct 3 ^®tc@ta Lfc# y > 

y a^Srmj/^l^U £ bKHF^SUl cfcoT^;y:7 

[0 0 6 1] *J8fl^y- Hft»Bl**rilLfc. 

*-f. (g^fBSS^H^*, 8 0 0tWRTA (Rap 
id Thermal Anealing) «9 0 . 5 n m<Df&m 

x:<Df&&m\z£^xi/}) =>mmtmt u hoi^ 

i~<fc 5 *HttK«JB 1 1 0 «r»dt bfc 0 
[0 0 6 2] El 1 1 {ZTjk-t^o^, Gdz03*R 

1 1 l£#fc 0 B^:ttGd(dpm)3 (Dipivaloylme 
thanato Gadorinium) fMl?r C4 Hs O WSISWPJfi: 
0.0 5-0.2 5rao 1 /L COjS^T^S? LfeJKffJHft 
£rffl^T, tra*ft*#'C*ail«2nm<DG 
d 2 O3 Lfc. Gd 2 03»^Mf, ffil*^ 

[0063] £ b^, mmfcm i x 2t ^xvommmi 

0 nmOT i 02JH!l*r{b**«**ft"e»fi8Lfe. T 

1 JBlJpKaiT i ( i -OC3H7)^iM^C 4 H 8 Ot 
«Sf#JtC0 . 05~0.25rno 1 /L^fttftRlfc 

[0 0 6 4] T i Os*|ffi«tlll, + . 7 

lb (Collimated) 3/ * *(D*jfe^ J: 0 , 

[0065] *^w<DV- hmmm^m^x, hm 

mi l 3Sr«^«±^«*S*-C»J*Lfc (Hll 2) o 
HM^ttT i NflMfrffll\ T i C 1 4W»^ 

[0 0 6 6] *JtlStfW:, hmm^T i Nti^ffl 

^m^mcomim^xun^myzm^^thxh^x h 

[0 0 6 7] ^?X^*t«t3Mfflr6^^2/**«rffl^ 
Sl^Cli, ^Fmb (Collimated) *'<y**$<D^WL 



H 0 2 



(6) 



2002-32490 



9 



10 



[0 0 6 8] Bl 3 <D X 0 (-y- 

[0 0 6 9] ^±60 J: *3BM^y- hfetftlR 

tttffl LfcnlflDMO S F ET t»«Lfc, 1 , 

i Oz&Rjgjpi . 4 nm*efcot 0 

[0 0 7 0] #Hifi<0JKffiKJ;ixtf, MOSFETICfc 

ks i oz&mmmxi . 5 nmOT^^tt^y 

-M68iW«t5rtmt, lot, flftlflHI; 

■^ffi»»«Afkli:ai LtzMO S F E T S:Jtfitt?# fc„ 
[0 0 7 1 ] 

zm^zm,R®&m¥mfcmm&&&-rz>z t&x% 
z> 0 

[mi] *mw<DMosFET<DMm:&mi-m^mffim 
x&z> 0 

im2] ^w<n?- hmmmzmfc^ztzfrcDik^ 
im3] bt&mmns i ozmmmmt y 

[m 4] *&m(Df- bt&mmcDs i o 2 ^^j¥^ y 

[HI 5] «P^oy- hM^f t5 nlMO S F E 



ime) *&m<D?- MffeW^ftSnlMOSFE 
[H7] #3PJ!CD^- Mfeil^ft^nMMOS FE 

T<Dmmmmz^m^mmmxhz> 0 

m 8 ] hffiilt^^^i-^ nSMO S F E 

[i9] hMI^rtt6 n IMO S F E 

10 [Hi 0] h jfeil^ttS nlMO S F 

ET^)SilM^^tI^i@T^5 0 

[EI 1 1 ] *^<Dy- hilfe^^W-r^ n^MO S F 
ET^Sgii$:^ti«fflT^5 0 

[HI 1 2 ] *&W<D?- F«^tt5nlMO S F 

e T<Dmmmuz^-fm^m^mxfrz 0 

[Hi 3] ^W-fMI^f^nlMOSF 

e t <dm m&m z Tjk^tm^mm m x &> % 0 

Wl, 7 » 11-1 
UK, 1 2— >y □ylfc 13-SWfflt- 
^ l4'»La»»«, 16- 
T 1 7-«ffc», 1 8- 1 9 

-^^yK, 2 t-^, 21 

-EE^WS^/i'^ 2 10 1->!I3 

(pi) , 1 0 2-*^«U6»iR, 103 - ^ 
5/7 tS. 104-^yv/yny N 10 5->!)3y4 
flsR, 106-nHMI,107-«« 1 
0 8- »n HO-^/ 
7 m-f±Ii« l l 2-R8 

1 1 hi 



[mi] 
ia i 



[B3] 

m 3 



[B4] 
Bl 4 



7 8 6 5 




1.E-KX) 
1.E-01 
1 1£-02 
~ 1£-03 

g 1.E-05 
i 1£-06 
1.E-07 



1.E-OS 



5-^7^«S«JB 6-*±fiBNfcfcJH 




0.5 1.0 1.5 2.0 2.5 



3.0 




1j0 1.5 2.0 2.5 



3.0 



(7) 



HO 29 

2002-32490 



[H2] [1235] 
m 2 0 5 




[0 8] 

14-Uffi»M 15-SrSf*SS 16-11 MM 17-«Mb» 

i8-BWWf>/* 19—: >t7MK 20---®Em£iO#;§fc-* El 8 



107 107 




(8) 



R J 2 98 

#9B2 002-324901 



1 0] 
1 0 



109 .«o 107 

103 , n0 




102 




[012] 

a r 2 



109 103 112 107 110 107 10 3 111 113 




[U 1 3] 

S3 1 3 



111 
110/ 

103 107 / / 118 
/112 




5££tfc 0 ftKfnff 0 SkWJWf rt 
(72) ^m^- W£ 1E& 



F 5F140 AA08 AA24 AB03 BA20 BD02 

BD04 BD07 BD09 BD11 BD13 
BE02 BE07 BE08 BE09 BE 10 
BE 16 BE 17 BF01 BF05 BF08 
BG03 BG04 BG14 BG28 BG30 
BG52 BG53 BH15 BK02 BK05 
BK13 BK21 CB04 CC03 CC15 
CE07 



